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Measuring the poverty and distributional impact of the global crisis for developing countries is not easy, given the multiple channels of impact and the limited availability of real-time data. Commonly-used approaches are of limited use in addressing questions like who are being affected by the crisis and by how much, and who are vulnerable to falling into poverty if the crisis deepens? This paper develops a simple micro-simulation method, modifying models from existing economic literature, to measure the poverty and distributional impact of macroeconomic shocks by linking macro projections This paper-a product of the Poverty Reduction and Equity Group, Poverty Reduction and Economic Management Network-is part of a larger effort in the department to analyze the poverty and distributional impact of macroeconomic shocks.. Policy Research Working Papers are also posted on the Web at http://econ.worldbank.org. The authors may be contacted at csanchezparamo@worldbank.org and anarayan@worldbank.org.
with pre-crisis household data. The approach is then applied to Bangladesh to assess the potential impact of the slowdown on poverty and income distribution across different groups and regions. A validation exercise using past data from Bangladesh finds that the model generates projections that compare well with actual estimates from household data. The results can inform the design of crisis monitoring tools and policies in Bangladesh, and also illustrate the kind of analysis that is possible in other developing countries with similar data availability.
Introduction
What began as a financial crisis in a few industrialized countries is quickly turning into a job crisis, with contractions in growth taking their toll on developed and developing countries alike. The projected economic slowdown across the world, recent World Bank global estimates for poverty suggest, could add an extra 50 million to the number of people living below $1.25 a day and 64 million to the number below $2 a day, compared to a scenario of uninterrupted growth in the absence of the crisis. By 2010, the crisis is projected to add an estimated 89 million to the number of people living below $1.25 a day and 120 million to the number below $2 a day (Chen and Ravallion, 2009) . Along with the impact on poverty numbers, the crisis is also likely to have significant impacts on the distribution of income and consumption among the poor and nonpoor, both within and between countries.
Evidence from previous crises suggests that the output elasticity of wages tends to be larger during downturns than during booms, and that relative inequality falls about as often as it rises during aggregate contractions (Paci et al, 2008) . Further, the crisis is rapidly shifting across countries -via trade, financing, and remittances -as well as within countries -via adjustments in domestic credit and labor markets and fiscal policies. As a result, it is difficult to predict the distributional impacts of the crisis with a high degree of confidence.
There are some hypotheses about how the impact of the crisis is likely to evolve between different groups in developing countries. The emerging consensus is that the initial impact is likely to be seen mainly on the emerging middle-class, since they are more likely to be employed in export-oriented industries and salaried jobs in the services sector, which appear to have suffered the largest labor market shocks.
1 Approximately 90% of households entering the middle-class during 1990-2005 joined the lower tier ($2-9/day) (Ravallion, 2009) , and thus risk falling back into poverty if they face large employment or earnings shocks. The initial impact on the poor may be limited due to the very isolation from the global markets (and the formal sector that gains the most from such linkages) in many countries that have prevented them from exiting poverty in the past.
As the crisis unravels, however, the poor in developing countries are likely to be increasingly impacted. With labor markets in the formal sector being affected, job opportunities and wages are likely to fall, pushing more people into the informal sector, which could depress earnings in the informal sector. This can be accompanied by reverse migration from urban to rural areas, increasing the burden on poor rural households and drying up remittances from workers previously employed in the formal sector, leading to higher and deeper poverty.
The distributional impact of the crisis is thus likely to be complex and dynamic. Some of the key questions an analysis of distributional impacts would need to address are: how are the impacts going to 3 be shared across the distribution of income or consumption, which sectors, areas and regions are likely to be impacted, and what are the characteristics of those who would become poor as a result of the crisis? In order to be useful to policymakers in countries, these questions would have to be analyzed ex ante, with available data that in most cases pre-date the crisis, rather than be delayed till the time post (or during) crisis data become available. Even in cases where some real-time data is available from crisisaffected sectors or countries, an ex ante approach can be useful to simulate future impacts for hypothetical scenarios that are not available from real-time data, especially in countries where the situation on the ground is changing rapidly.
Current approaches to analyze ex ante the impact of a macroeconomic shock, with the limited data available in most countries, are somewhat inadequate in addressing the kind of questions posed above.
To improve upon existing approaches given the typical data constraints seen in most developing countries, we develop in this paper a micro-simulation model to evaluate ex-ante the distributional impacts of the crisis. Section 2 outlines a rationale for building such a model, including the value added from this approach compared to existing methods. Section 3 presents the model, starting with an overview of the approach and subsequently outlining each step in detail, and ending with the key limitations and caveats to the model. In Section 4, we discuss a country case study with an application of our model (the case of Bangladesh). Section 5 concludes with implications of the results for Bangladesh and possible areas for extension in the course of future work.
Rationale for our approach
Currently, there are two approaches commonly used within the World Bank to assess the welfare (primarily consumption or income poverty) impacts of the crisis: the output elasticity of poverty method, and PovStat (World Bank PovertyNet). The elasticity method involves using historical trends of output and poverty to determine the responsiveness of poverty rates to growth in output (and consumption), which is then combined with macroeconomic projections to estimate the impacts of future reduced growth on poverty. Although this method is easy to implement and serves as a convenient benchmark, it is limited in its predictive capability since it yields only aggregate poverty impacts, with no account of the broader distributional effects. It may also prove deficient in predicting poverty impacts during a crisis that affects output growth in a way not entirely consistent with the recent growth experience in a country. This crisis, for example, is likely to impact some sectors more than others and have a disproportionate impact on inflows like external remittances that directly impact household income.
PovStat is an EXCEL-based World Bank simulation package, which uses household survey data and macroeconomic projections as inputs and estimates changes in poverty and inequality indicators. Although it allows for the impacts to occur through multiple channels, it offers no easy way to account for changes in non-labor income (such as remittances), which has important implications in the context of this crisis in some countries. By focusing exclusively on household heads (and ignoring the employment status of other household members), PovStat also does not allow for a full accounting of labor market impacts. Perhaps the most important limitation of PovStat is that it generates estimates for poverty and inequality (aggregate or disaggregated by regions/groups) but not the kind of distributional results that require individual or household level projections. For example, an important distributional question like how the impact of the crisis is likely to be distributed across different groups (differentiated by income status, sector, region or any other relevant attribute) cannot be answered with PovStat.
More sophisticated simulation approaches than Povstat have been used in some cases by the World Bank (see Bourguignon et al, 2008) . 2 All of them are based on a Computable General Equilibrium (CGE) or General Equilibrium macroeconomic model that demand a lot of information (for constructing Social Accounting Matrices or time-series of macroeconomic data) in order to create the "linkage aggregate variables" (LAVS) that are fed into the micro-simulation model. At the same time, these models do not allow for changes in some key features of the population, such as gender or age composition, and the economy (Ferreira et al, 2008) . The main advantages of these models are related to improved accuracy of the counterfactual and consistency of the analysis. Notably, the information demands of these models make them hard to apply in most developing countries, and calls for an approach that is workable with available data and macroeconomic projections.
Because the nature of the crisis is difficult to pin down, any valid impact assessment needs to account for multiple transmission mechanisms and capture impacts at the micro level over the entire income distribution. In the micro-simulation model presented here, we do this by focusing on labor market adjustments in employment and earnings, non-labor income, and price changes (with a view to the variation in food/non-food prices). Note that for the purposes of this exercise, we use the terms "labor income" and "earnings" interchangeably.
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Our proposed methodology can be seen as a compromise between the "simple" methodologies like PovStat and the "complex" ones using general equilibrium models -with the attendant advantages and disadvantages. Compared against the simpler approaches, the value added by our approach is two-fold. First, the model is able to generate estimates for individuals and households across the distribution with and without the crisis, which can be used for detailed poverty and distributional analyses of impact. Second, the model uses income rather than consumption; this allows us to model labor and non-labor incomes separately, which is particularly important for countries in which remittances and public transfers form a large proportion of incomes.
In comparing our approach with PovStat, the pros and cons of either method should be kept in perspective. Our model in its most basic form has data requirements similar to that for PovStat, and adds value along the two important dimensions stated above. At the same time, it requires considerably more computational resources and time than PovStat, which can be run as a simple Excel-based model once the household and macroeconomic data are ready to be fed into the model. Compared with the complex approaches, the primary advantage of our approach is the lower demand for information, which would make it practical to apply in many cases where the more complex approaches would have to be ruled out.
Proposed approach
We propose to use a micro-simulation model that combines macroeconomic projections with pre-crisis micro data from household and/or labor force surveys to predict income and consumption at the individual and household level under different scenarios, which can then be compared to measure poverty and distributional impacts. Comparisons will be made between different projected scenarios (most commonly a crisis or low scenario and a benchmark or base scenario) rather than a time comparison ( The model focuses on labor markets and migration as transmission mechanisms and allows for two types of shocks: shocks to labor income, modeled as employment shocks, earnings shocks or a combination of both; and shocks to non-labor income, modeled as a shock to remittances. Shocks can be positive or negative depending on the trends outlined by the macroeconomic projections. In most cases labor income and remittances account for at least 75-80% of household income. Minimum assumptions are made about other sources, such as capital and financial income or public transfers, as discussed below.
The data requirements can be summarized as follows. At the macro level, information is needed on projected (i) output, employment, remittances and (ideally) labor earnings growth; (ii) population growth and (iii) predicted price changes. At the micro level, information is needed on (i) labor and nonlabor income and consumption, and (ii) labor force status and basic job characteristics, including earnings. Needless to say, the reliability and accuracy of the simulation results is a direct function of the quality and level of detail of the information available at the macro and micro levels.
Finally, the income and consumption projections from the model can be used to produce a variety of outputs, including aggregate poverty and inequality comparisons across scenarios, poverty and vulnerability profiling of specific groups and/or areas, and various summary measures of distributional impacts, such as growth incidence curves and state transition matrices. We comment on these extensively for the case of Bangladesh below. 
Overview of simulation exercise
In this Section we provide a brief overview of the mechanics underpinning the simulation exercise. The exercise can be broken down into three distinct steps: calibration, simulation and assessment of impacts. A description of each step follows and a schematic of the complete model is presented in Figure 2 . Calibration. Calibration is the process by which household and individual-level information is used to model labor market behavior and outcomes and to predict the likelihood of receiving remittances. 4 This is done in three steps. First, we model labor force status for all working age individuals (15-64) as a function of household and individual characteristics, where labor force status can be non-employed, 5 employed in agriculture, industry or services. Although ideally we would like to work with a more detailed menu of options (e.g. "employed in tradeables" and "employed in non-tradeables" instead of "employed in industry"), the number of labor force states that can be considered is dictated by the level of disaggregation available for the macro projections. We then use a multinomial logit to estimate the parameters of the model, as well as the individual-level probability of remaining in a particular state and/or changing to a different one, as given by (1). The approach is similar to that used in Ferreira et al (2009) . We estimate the model separately for high and low-skill individuals to allow for structural differences in the labor market behavior of the two groups.
8 we use population growth projections to adjust for demographic changes between 2005 (base year) and 2009-2010. This adjustment is particularly important in the case of Bangladesh because fertility rates are still high, which implies that the number of labor market entrants rises faster than overall population, and the baseline household survey is relatively old. In practical terms, taking into account population growth allows us to explicitly take into changes in the size of the working age population, and hence to distinguish between employment growth driven (or rather absorbed) by demographic trends and net (or additional) employment growth.
Secondly, we use the projections from the labor force status and labor earnings models to replicate projected changes in aggregate total and sectoral output and employment. We start with employment and calculate the total number of individuals that need to be reassigned between employment and nonemployment and across employment sectors in order to match projected aggregate changes in total and sectoral employment. We then use the estimated probabilities from the multinomial model to select candidates for reassignment. 10 The direction and magnitude of flows between employment and nonemployment and across sectors of employment is given by changes in the relative shares of different status with respect to the reference population. For instance, whether individuals must be reassigned from non-employment to employment or vice-versa depends on whether the employment rate of individuals ages 15 to 64 is increasing or decreasing. Similarly, workers are expelled from sectors whose relative share in total employment is declining and absorbed into sectors whose relative share in total employment is increasing will absorb workers (note that this is independent of whether employment in a sector is growing or contracting in absolute terms).
The sequence in which individuals are reassigned across states and sectors matters for the final simulation results so we briefly describe here the procedure we follow:

Step 1 -Flows between employment and non-employment: If the employment rate is increasing, non-employed individuals with the lowest predicted probability of being nonemployed will be reassigned. If the employment rate is declining, employed individuals with the highest probability of being non-employed will be reassigned. Reassignments will continue up to the point where the change in the employment rate at the micro level matches the change at the macro level.  Step 2 -Flows out of contracting sectors: For sectors whose share of total employment is declining, those individuals with the lowest predicted probability of being employed in the sector will be selected out and added to the pool of "eligible" workers to be employed in growing sectors (notice this pool also contains those who has been reassigned from nonemployment if the total employment rate is growing). Reassignments out of each sector will continue up to the point where the change in the sector employment share at the micro level matches the change at the macro level.
Step 3 -Flows into growing sectors: Individuals in the pool of "eligible" workers will be assigned to growing sectors on the basis of their predicted probability of being employed in each sector. Assignments are made sequentially with the sector whose employment share is growing fastest absorbing workers first and the sector whose employment share is growing the slowest absorbing workers last. Reassignments to each sector will continue up to the point where the change in the sector employment share at the micro level matches the change at the macro level.
There are a few important features of this process that are worth mentioning. The reassignments described in steps 1 to 3 are calibrated so as to replicate net aggregate flows between employment and non-employment and across sectors. In reality, movements across these different states are quite significant so that gross flows are usually larger than net flows. The order of proposed steps is such that it allows for non-employed individuals to become employed and employed individuals to become nonemployed, but also for individuals to change sectors. In doing this we try to capture the fact that highly "employable" individuals are more likely to remain employed in one sector or another, at times at the expense of less "employable" workers (i.e. highly "employable" workers will crowd others out when employment opportunities become relatively more scarce).
We next use the earnings model estimated as part of the calibration to predict earnings for two groups of workers: those with no previous earning history (i.e. non-employed in 2005) and those who change sector of employment. Because earnings are a function of both observable and unobservable individual and job characteristics, we add a random element to the predicted earnings produced by the model to account for unobserved heterogeneity.
11 For all other individuals, we use the earnings information available in the household survey.
Once all workers have been assigned positive labor earnings, total earnings in a sector are adjusted to match aggregate projected changes in output. This step relies on the fact that that projected changes in sectoral output can be explained by projected changes in sectoral employment and projected changes in sectoral earnings and profits, and assumes that earnings and profits grow at the same rate.
The treatment of public sector workers and those with more than one job differs slightly from what we just described. Total public sector employment is assumed to remain constant (i.e. no individuals are assigned to or out of the public sector) and labor earnings of public sector workers are adjusted in line with their sectoral mapping (agriculture, industry or services). Similarly for those holding more than one job, we assume the sector of employment of their secondary activity remains constant while earnings are adjusted in line with sectoral changes.
The third step in the simulation process pertains to changes in international remittances. Second, we calculate total household income by aggregating labor income across all employed individuals and adding non-labor income, and then use information on household size to construct a measure of per-capita household income, as in (3).
Third, because poverty in Bangladesh is measured on the basis of per-capita consumption, we need to map income to consumption. We do this by assuming that the household-level consumption-to-income 13 To illustrate, 23% of additional remittances are allocated to rural Dhaka, equal to its share of remittances in 2005. Every randomly selected recipient household then receives 5,417 taka/month, equivalent to the median international remittance transfer in the division in 2005 (<U$ 90 dollars per month with an exchange rate of tk.61/U$S) 14 An alternative, more sophisticated way of dealing with this problem would be to construct household-specific consumption deflators that take into account differences in consumption patterns across the income/consumption distribution. . This is a strong assumption, but the best we can do given the available information. We may try to refine this step in future iterations of the exercise.
(4) Finally, we use information on household and individual income and consumption levels to evaluate the poverty and distributional impacts of the crisis by comparing poverty and other outcomes between the benchmark (without crisis) and "with crisis" scenarios.
Limitations and caveats of the simulation exercise
The proposed approach has some appealing features, the primary one being its capacity to generate income and consumption counterfactuals at the individual and household levels that can then be used to assess impacts across the entire distribution. However, it also has some important limitations that must be taken into account when interpreting the results presented below. We discuss these below.
Firstly, the quality and accuracy of the simulation output is a function of the nature and quality of data underpinning the exercise. More specifically, the results would depend not only on the micro-models, but also on the macro projections of the crisis and the benchmark or no-crisis scenarios. In a typical exante assessment of this type, building the counterfactual to evaluate impact is especially tricky because the comparison between the situations "with" and "without" the "treatment" (the macro shock) is purely virtual or notional. This is particularly important with regard to the output and employment projections since they are key drivers of the results in the absence of a CGE or similar model. In addition:
 The ability to account for heterogeneity across sectors, groups, and others depends on the level of disaggregation of the available macro projection. For instance, the behavior of the tradeable and non-tradeable sectors within industry can only be modeled separately if output growth projections are available for each sector.  The ability to accurately predict employment and earning changes depends on the available information and on the assumptions needed to correct for information gaps. For instance, in the absence of projections on total and sectoral earnings growth, we need to assume that earnings and profits grow at same rate within a sector. How realistic this assumption is would depend on the country and sectoral context.  The ability to model remittances depends on the quantity and quality of the available data on migrants and remittances, particularly for countries with rapid and/or volatile growth of remittances.
Secondly, the simulations implicitly assume that the structural relationships estimated as part of the calibration process on the baseline data continue to be valid in the future years for which the projections are made. The more distant in the past the baseline year is, the more questionable this assumption is likely to be. In the case of Bangladesh, for example, the baseline year is 2005, which is a full four to five years away from the prediction years (2009 and 2010) . This particular caveat, however, links directly back to the constraints imposed by availability of data. In most countries, household survey data that is available for analysis and processed to the extent necessary for the analysis is likely to predate the prediction years (usually 2010) by at least 3 to 4 years.
The third caveat relates to our decision to work with income, rather than consumption data. The advantage of using income is that it allows us to link welfare impact on households directly with potential channels of impact, which are employment, labor earnings and remittances. There are two primary caveats to working with income data: (i) income data often tends to be of lower quality than consumption data, which introduces an element of noise into the analysis due to the unobserved presence of measurement error; (ii) certain assumptions, which can be challenged on the grounds of realism, are needed to convert predicted income levels into consumption and consumption-based welfare measures. It is important to note, however, that (ii) would not be necessary for countries that use an income-based measure of poverty, which is the case in most Latin American countries.
The approach we have adopted to convert income into consumption assumes that the ratio of consumption to income is unchanged for every household between the baseline and prediction years. The constant savings rate that this assumption implies is probably more realistic for poor households than for better-off households. This also implies that our approach may overestimate the consumption impact of the crisis on better-off households, since such households may compensate for an income loss by reducing savings (or dis-saving), resulting in a smaller impact on consumption.
Fourthly, our model does not explicitly account for labor demand at the sectoral level and instead assumes that the labor market conditions mirror (or are proxied by) the macroeconomic projections. The simple approach we adopt implicitly assumes stable relationships between output, demand for labor and labor earnings, which may not hold due to the distortions (such as segmentation and downward stickiness of nominal wages) that typically exist in the labor market and are likely to affect adjustments during a crisis.
Related to the above point, the simplifying assumptions for the labor market also do not account for the possibility of structural shifts in labor demand due to the crisis. Sectoral movements of labor are modeled as depending only on individual/household characteristics (through the multinomial logit model) and population growth. This cannot take into account the kind of structural shifts that have apparently been observed in some countries, such as a reduction in the relative demand for skilled labor. That said, structural changes (for example, in relative demand for skills) can be incorporated into our model if there exists prior analytical work that provides parametric estimates of how these changes may have affected labor earnings. Fifthly, our model is limited in its ability to account for shifts in relative prices between different sectors of the economy as a result of the shock. The model does take into account the impact of shifts in the price of food relative to general inflation on poverty measures, by using the simple device of adjusting poverty lines that are anchored to a fixed food basket. It can be argued that changes in the relative price of food represent the most significant source of price impact on poor or near-poor households in a country like Bangladesh, as the recent food crisis has shown. At the same time, there are other potential sources of price impacts -for example, the effect of a change in the terms of trade between agriculture and other sectors on real household incomes in all sectors -our approach does not take into account. Unfortunately, in the absence of a CGE model to link up to, it is nearly impossible to explicitly model for changes in terms of trade between sectors.
The final limitation, related to validation of hypothesis, applies to all ex-ante approaches including ours. The only validation or test for our simulation model is to combine ex-ante and ex-post analysis (see Bourguignon and Ferreira, 2003) . Since ex post data will not be available for some time, some uncertainty about the validity of the simulations generated by this ex-ante method is bound to remain.
The Bangladesh case study
Bangladesh is a good case study for our model for a number of reasons. Most importantly, it is a lowincome, high-growth country with an export sector that is significant but not predominant. As a result, its exposure to the direct impact of the crisis is on the moderate to low side, which is typical of a majority of developing countries. The relatively low exposure also makes it possible to see how the model predicts the impact of relatively small shocks to the economy and how sensitive the results are to changes in macroeconomic projections and assumptions. Bangladesh also has a reasonably balanced economy, with all three principal sectors contributing positively to GDP growth. The importance of agriculture has been declining gradually over the last 15 or so years (Paci and Sasin 2008) , similar to what is seen for most developing countries. In sum, Bangladesh appears to have many of the features that are typical to a developing country. It is also an important country from a global poverty perspective, given its relatively high poverty rate and large population, which translate to a large number of poor people.
In terms of data availability, Bangladesh measures up quite well to most low-income countries. A fairly recent household survey is available (Household Income and Expenditure Survey/HIES of 2005), which is the latest in a long series of surveys that have been used to track poverty and related estimates. The availability of a recent Poverty Assessment report, based primarily on HIES 2000 and 2005, is an added plus since it provides information on poverty and labor market that can inform the specifications of our empirical models. The available macroeconomic information is however limited, with disaggregated output growth projections available at the sectoral level but not for key sub-sectors. Moreover, while the household survey is detailed enough to apply our model, the base year (2005) is far enough from the target years for projections (2009 and 2010) that we cannot rule out structural changes not captured by our model.
Background: poverty reduction in Bangladesh 15
Growth and Poverty in Bangladesh. Bangladesh has enjoyed a fairly stable macroeconomic environment with high growth and significant poverty reduction over the past 15 years. Poverty headcount rate declined from 57% in the early 1990s to 49% in 2000 and 40% in 2005. The rate of 14 reduction during 2000-2005 was one of the highest in South Asia region for comparable periods. Poverty reduction was driven by robust GDP growth, which averaged above 5% annually during 2000-05, along with stable relative inequality (the Gini of per capita consumption remained unchanged at 0.31 since mid-1990s). While all sectors -agriculture, industry and services -are expanding, agricultural growth has been lagging behind that of other sectors, with the result that the contribution of agriculture to GDP fell from around 30% in the beginning of 1990s to just above 20% in 2005.
Poverty reduction and the labor market. Poverty reduction between 2000 and 2005 was linked to significant transformations in the labor market and rapid increases in remittances. Economic growth, driven mainly by factor accumulation in the private sector and rapid growth of the export sector, led to wage growth and enhanced labor productivity. Between 2000 and 2005, the share of agriculture in total employment declined -agricultural employment grew at 0.7 percent per year compared to 5 and 2.8 percent for services and manufacturing respectively. There was a movement away from low productivity jobs in agriculture to more productive jobs in the nonfarm private sector, particularly in urban areas. These trends are consistent with the shrinking share of agriculture in GDP while the share of services and industry was increasing.
Increasing flow of remittances (20% growth annually during [2000] [2001] [2002] [2003] [2004] [2005] was another key factor contributing to poverty reduction. 16 Government statistics on documented migration estimate that more than 3.7 million Bangladeshi have emigrated during the past 30 years and about 3 million -or 6% of the in-country economically active population -were estimated to be living abroad in 2005.
Notwithstanding the progress, however, Bangladesh had an estimated 56 million people in poverty in 2005 and wide disparities across income and occupational groups, gender, and regions. Poverty was most prevalent among daily agricultural wage workers and subsistence farmers while the better-off tended to be engaged in salaried employment or nonfarm self-employment. The likelihood of poverty was also higher when a household had a larger number of dependents and low levels of education, and did not receive remittances. The poverty rate in 2005 among households receiving remittances from abroad was 17% compared to 42% among the rest.
Regional differences in poverty reduction. Underlying the national poverty story were vast differences between regions. Dhaka, Chittagong, and Sylhet divisions in the eastern part of the country experienced rapid poverty reduction between 2000 and 2005. Dhaka and Chittagong divisions, with just over half the country's population in 2000, contributed nearly 80% of the reduction in national poverty during this period. In the West, meanwhile, gains were much smaller for Rajshahi and nonexistent for Barisal and Khulna. As a result, in 2005, the poverty rate was between 30% and 35% in Dhaka, Chittagong and Sylhet divisions, and more than 45% in Khulna, Barisal and Rajshahi (more than 50% in Barisal and Rajshahi).
Differences in wage growth, job-creation patterns and how remittances are distributed help explain the widening East-West gap in poverty. Wages grew robustly in the eastern part of the country but stagnated in the West. While both East and West created employment to match the rise in working age population, the East created many more jobs that are better paid and in a robustly growing nonagricultural sector. In contrast, a large proportion of jobs created in the West consisted of daily wage work or agricultural self-employment. The eastern region has increasingly benefited from integration with growth poles, namely Dhaka and Chittagong urban areas, in contrast to the more isolated West and Southwest. These two cities have emerged as the main centers of economic activity of the countryDhaka alone accounts for 80% of the country's Ready Made Garments (RMG) output and half of manufacturing sector employment. There is wide East-West disparity in the distribution of remittances as well: in 2005, 24% of households in Chittagong division and 16% in Sylhet received remittances, compared to less than 5% in Rajshahi, Khulna, and Barisal. While the effect of the rice price shock is likely to be temporary, with prices reportedly coming back to their trend levels in 2009, the financial crisis is expected to have some adverse impact on poverty reduction in 2009 and 2010. The cumulative impact of successive shocks on the poor is also a cause for concern. The poor may have exhausted their options in terms of increasing their labor supply to deal with rising food prices, which could worsen the impacts of the current crisis.
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The story of poverty reduction outlined above also suggests the likely channels through which the financial crisis can slow the pace of poverty reduction. These are likely to be: (i) labor market adjustments due to the impact of the crisis in the manufacturing sector, which includes RMG exports; and (ii) adverse impact on remittances. Some impact can be expected in the service sector as well, primarily due to the forward linkages between this sector and manufacturing.
Given that the poor were less likely to be employed in the nonfarm sector and receiving external remittances in the first place, we would also expect that the impact of the crisis will be skewed towards those who are relatively better-off. Moreover, given that the industry sector and remittances are concentrated more in the eastern part of the country than the west, the impacts are also likely to be higher in the east. Our simulation results that follow confirm, to a large extent, these intuitions and provide an outlook of how the impacts are likely to be distributed, across different income groups, regions and urban/rural areas.
Macroeconomic projections of crisis impact
Projections of aggregate and sector-specific growth rates for 2009 and 2010, obtained from the World Bank Bangladesh country office, are used as inputs into our micro-simulation model (see Annex 2, Table  A .2 for more detailed data). In conducting simulations, two scenarios are considered for each year: (i) the scenario with crisis, and (ii) the benchmark or "no-crisis" scenario (namely projections that were made before the crisis hit).
Aggregate GDP growth is expected to be 0.8 and 1.5 percentage points lower with crisis compared to the benchmark or no-crisis scenario, in 2009 and 2010 respectively ( Importantly, remittances are expected to be lower by about 10% due to the crisis in 2010, compared to the no-crisis scenario. In 2009 however, the available figures suggest that the actual growth in remittances in 2009 was about the same as it was predicted before the crisis. Even with the crisis, remittances are expected to grow by 12% between 2009 and 2010 in dollar terms, which is however quite a bit lower than the 21% growth that was expected had there been no crisis.
In sum, the macroeconomic impacts of the crisis, according to the latest projections, are estimated to be relatively small in Bangladesh and occur mainly in the industry sector and remittances. This suggests that the impact on labor earnings of household is likely to be small in both 2009 and 2010 and skewed towards households earning income from industry sector. The adverse impact on remittance growth would lead to some losses in household non-labor income for year 2010, but not for year 2009. 18 For the purposes of the simulation, the remittance projections are converted into Takas using the taka:US$ exchange rate for each year, and then adjusted to 2005 takas using each year's CPI (adjusted to base year 2005). In other words, the following formula is applied to each year's remittance projection: R R = R N . ε/CPI, where R R is the amount in real takas (at 2005 prices), R N is the amount in nominal US dollars, and ε is that year's exchange rate. Among those employed, 44% was employed in agriculture, 24% in industry, and 32% in services. 55% of those employed were salaried workers, and 75% of the labor force had less than 10 years of education (defined as "lowskilled"). The employed population includes those working for wages/salaries, the self-employed and those contributing labor to household-based enterprises or activities that produce income for the household. On average, 68% of household income comes from labor earnings and 9% comes from remittances (from abroad and domestic), which in turn constitutes about 39% of non-labor income (see Annex 2, Table B for detailed figures).
Projections for 2009 and 2010. The population growth rate between 2005
and 2010 is projected to be 7.4%, with a higher growth rate (11.9%) projected for the working age population. This is a result of the age distribution of the population in 2005. The "bulge" among the 5-14 years age group in the 2005 population (Figure 3) indicates that the working age population will expand rapidly over the subsequent 5-10 years, imposing a burden on the labor market to absorb the new entrants (see Annex 2, Table A.1).
Employment growth projections for 2009 and 2010 are computed using past (2000) (2001) (2002) (2003) (2004) (2005) trends in output and employment. 20 Given the relatively small impact of the crisis on projected GDP growth rates (particularly for 2009), the impact on overall employment is expected to be very small -employment rate would be lower by just 0.3 and 0.6 percentage points compared to the benchmark (no-crisis) scenario in 2009 and 2010 respectively (Table 2) . 19 The remaining 52% of the working age population comprises of those who are "inactive" or unemployed. We consider an individual to be inactive if s/he has not worked for income (wages, or contribution to family enterprise that produced income) during the last year and is not looking for work. Out of the working age population, 2% are unemployed and 50% are inactive. The impact on sectoral shares in employment is more significant, since the crisis does not affect all sectors equally. In 2010, the share of industry in total employment is projected to be lower in the crisis scenario by 1.4 percentage points, while those of services and agriculture are expected to be 0.8 and 0.5 percentage points higher, respectively (Table 2) .
Impact on household income, poverty and distribution: results from micro-simulation
It is important to note that the results of the simulation exercise are entirely dependent on the macroeconomic projections (in Section 4.2 above), which can change as more information becomes available. If the actual impact of the crisis on remittance growth in 2010, for example, were to be less than the projections shown in Table 1 , the impact on poverty and household incomes will also be lower than what is estimated here. The primary purpose of this exercise should therefore be seen not as an attempt to definitively predict future poverty in the highly uncertain environment of a global economic crisis, but rather as illustrating the kinds of results and insights this simulation model can yield, given the most recently available projections of macroeconomic impact of the crisis.
Average household income is expected to be 0.7% lower in 2009 and 2.4% lower in 2010 as a result of the crisis (compared to the benchmark case), applying the micro-simulation method described in Section 3. The drop in 2009 income is attributed to a 0.5% drop in labor income and 1.5% drop in non-labor income, while in 2010 labor and non-labor income is projected to drop by 1.5% and 5% respectively. The significantly higher loss in non-labor income in 2010 is due to a 9% loss in remittances in 2010 compared to 3% in 2009 (see Annex 2, Table B for the detailed estimates on household income).
Impact on poverty and inequality. As expected, and consistent with the impacts on household income, the impact of the crisis on poverty measures is low in 2009 and more significant in 2010. Table 3 shows the projections for poverty and inequality measures for 2009 and 2010 with crisis and the projected impact of the crisis for each year (i.e. the difference between crisis and benchmark scenarios).
The poverty headcount rate (based on the upper poverty line) and extreme poverty rate (based on the lower poverty line) are expected to be 0.4 and 0.2 percentage points higher in 2009, respectively, as a result of the crisis. In 2010, the poverty headcount rate is expected to be 1.2 percentage points higher and the extreme poverty rate 0.9 percentage points higher due to the crisis. The impacts on poverty gap (depth of poverty) and squared poverty gap (severity) are small Comparison with other simulation methods. Our results on the poverty impact of the crisis are comparable to results obtained using other commonly used methods, for the same macroeconomic projections (Table 4) . Using Povstat and the aggregate elasticity of poverty to growth, the poverty impacts are 0.2 and 0.6 percentage points for 2009, respectively, compared to a 0.4 point impact using our micro-macro simulation method. For 2010, both the alternate approaches yield a poverty impact of 1.2 percentage points, identical to the impact estimated by our approach.
For every year and scenario, the poverty rates projected by the three approaches are within 2 percentage points of each other (for more detailed results, see Annex 2, Table D -2). Our method consistently yields poverty rates that are somewhere in-between those generated by Povstat and the elasticity method (Table 4 ). The reasons why these small differences in predictions occur are hard to pinpoint since the other two approaches are substantively different from ours, as well as from each other. A quick comparison between Povstat and our approach, however, is useful since both approaches involve simulations linking micro data with macro changes. One key difference between Povstat and our approach is the treatment of remittances. Povstat implicitly assumes that remittances grow at the same rate as other incomes, whereas (actual and projected) growth in remittances has been much higher than that of GDP after 2005. Our model explicitly takes into account actual and projected growth in remittances since 2005 and as a consequence, generates larger improvements in household income and lower poverty for all scenarios compared to Povstat.
Price adjustments underlying the poverty projections. All projected expenditures are at 2005 prices, adjusted for spatial differences.
22 This would normally imply that no adjustments are necessary for the 21 The decline in poverty rate for both benchmark and crisis scenarios would be an improvement upon past performance -poverty fell by 9 percentage points between 2000 and 2005, a period when annual average growth in GDP and remittances was lower than the 2005-2010 annual average growth for both scenarios. We compute the alternate poverty estimates for 2010 under the assumption that rice prices in Bangladesh will follow the trend in world prices projected by FAO. Under this assumption, the food price inflation during 2005-2010 will be 5% lower than general inflation, which would require a small downward adjustment of the poverty line to ensure that it represents the same purchasing power with regard to the food basket. 25 With this adjustment, the poverty rate projected for 2010 under the crisis scenario is slightly lower -25.4%, compared to the earlier projection of 25.8% (see Annex 2, Table D .1, last column). This translates to a 0.8 percentage point increase in poverty rate as a result of the financial crisis, instead of the 1.2 percentage point impact seen earlier. 23 The implicit assumption here is that all nominal incomes (that translate to expenditures) would rise over time at the rate of inflation given by the general CPI. The higher rate of inflation in food prices, however, would mean that the nominal income of an individual who was consuming at the poverty line level in 2005 would lag behind the rate at which the food component of the poverty line will inflate. Thus the poverty line would have to be shifted up to reflect the fact that such an individual will no longer be able to afford the basic minimum food needs. 24 Note that this adjustment would not be necessary if the share/weight of food in the poverty line were identical to that in the CPI. 25 Note that a decline in food prices will also imply a decline in general CPI, albeit at a lower rate. Our adjustment to the poverty line follows a method identical to the one described earlier.
These projections are just for illustrative purpose and should not be considered as robust for two key reasons. Firstly, there is little information available on the underlying assumptions behind the FAO projections, for us to ascertain how robust these projections are. Secondly, the assumption that domestic rice prices in Bangladesh will move in sync with world prices is not realistic for a number of reasons. Rice is a thinly traded commodity in the world market, with the result that there is often a high "wedge" between domestic and world prices. In the case of Bangladesh, domestic demand and production trends -as well as distortions created by export restrictions in countries that Bangladesh typically import from -are likely to play a key role in short-term price movements. In sum, the assumption of a steep decline in domestic rice prices in 2010 based on FAO projections appears to be highly speculative.
In spite of these caveats, our alternate projections under a scenario of rice price decline serve a useful purpose -of illustrating the impact that rice prices would have on poverty in Bangladesh, at least in the short-term. The lesson to take away from the alternate poverty projections is that the ultimate impact of the financial crisis on poverty will depend to some extent on how food prices move in the near future.
The impact of the crisis across regions and urban/rural areas
The East-West gap in poverty reduction between 2000 and 2005, as described in Section 4.1 earlier, is a result of significant differences in how industrialization and rapid growth in remittances have evolved in different parts of the country. Given this background, it is important to look at how the impact of the crisis is likely to be distributed between the two regions. We would expect the impact to be higher in the East than the West because of two primary reasons. First, the East has a greater concentration of industry, which is the worst-affected sector; and second, the eastern region -and Sylhet and Chittagong divisions in particular -has much higher incidence of remittances. East-West differences in income losses and poverty impact. Our micro-simulation results confirm these expectations for 2010 (see Annex 2, Table G for all results). Sylhet, Chittagong and Dhaka are the worstaffected divisions in terms of loss of average income. The average household income in Sylhet, Chittagong and Dhaka are projected to be lower by 4%, 3% and 2.5% respectively in the crisis scenario Figure 4a ). This is because the East is projected to suffer larger losses in remittances and labor incomes compared to the West (see Annex 2, Table G ). The fact that remittances are more common in the East also implies that loss in remittances affects a larger share of the population than in the West.
Consistent with the projected income losses, the impact on poverty is higher in the East as well compared to the West. The percentage increase in poverty rate due to the crisis (compared to the benchmark) is projected to be the highest in Chittagong followed by Sylhet and Dhaka, and smaller for the other divisions (Figure 4b ). The percentage increase in extreme poverty rate (not shown here) is high for Chittagong and Sylhet divisions, and much lower for the other divisions including Dhaka. Chittagong and Sylhet are the highest recipients of international remittances by a large margin. 26 As a result the projected income loss in 2009 and 2010 due to the crisis (relative to the benchmark) is the highest in Chittagong and Sylhet, which in turn leads to high poverty impact in these divisions.
Even after taking into account the significantly higher impact of the crisis in the East, the East-West gap in poverty and income levels would continue to remain large in 2010. This is because the gaps in 2005 -the baseline year for all the simulations -were large to start with ( Figure 5 ). Khulna, Rajshahi and Barisal are projected to remain as the poorer divisions of the country due to a slow rate of poverty reduction during 2005-2010. The crisis is however expected to moderate the rapid poverty reduction that would have otherwise occurred in Sylhet, Chittagong and Dhaka due to rapid industrial growth and rise in remittances. Rural-urban differences in impact. Our model does not project stark differences in the income and poverty impact of the crisis between rural and urban areas. The loss in average household income due to the crisis, as a percentage of benchmark income, is slightly higher in rural areas (2.5%) than urban areas (2.3%). The main source of income loss is the drop in remittances, which is slightly higher (as a percentage of benchmark remittances) in rural areas than in urban areas. The projected loss in labor 26 For example in 2005, 24% and 16% of households in Chittagong received remittances, compared to 9% of households nationally (World Bank 2008). income, which accounts for a smaller share of income losses than remittances, is around 1.9% in urban areas and 1.4% in rural areas (Annex 2, Table E ).
The poverty headcount rate is expected to increase by 1.3 and 1.1 percentage points in rural and urban areas, respectively, due to the crisis ( Figure 6 ; full results in Annex 2, Table E ). The extreme poverty rate will be raised by 1.0 and 0.7 percentage points, respectively. However, as a percentage of the benchmark poverty rates, the rate of increase in poverty and extreme poverty is higher in urban areas than rural areas (Figure 4b ). This happens because even though the amounts of change are similar for urban and rural areas, the benchmark poverty rates are significantly lower in urban areas.
Distributional impact of the crisis -going beyond poverty and inequality indices
By generating predicted levels of income and consumption for all households in benchmark and crisis scenarios, our simulation model allows us to examine the type of households that are likely to be affected by the crisis, the primary channels of impact and their relative importance, and the distribution of the impact across different income/consumption groups. Here we present the results from three types of analysis that have been selected primarily for illustrative purposes, taking into account some of the key issues relevant to Bangladesh. While the same analysis can be done for both years, for illustrative purposes we choose to present the results for 2010 only, when the relatively larger impact of the crisis is expected.
First, we examine the characteristics of the group we will call "crisis-vulnerable", which refers to households that would not have been poor in 2010 had there been no crisis. Second, we use the wellknown analytical device of growth incidence curves to see how change in consumption, as a result of the crisis, is distributed across the distribution and between urban/rural areas and regions. Third, we construct a few transition matrices to look at upward and downward movement of households as a result of the crisis, compared to the benchmark. These are but examples of what is possible in the way of distributional analysis with the results of our model; the choice of what type of analytics needs to be done for a certain country would depend on the specific country context and policy concerns.
A profile of the "crisis-vulnerable". Households that are expected to be in poverty in the crisis scenario but not in the benchmark scenario in 2010 constitute around 1.2% of the population (1.8 million individuals). 27 These households, who are the "crisis-vulnerable", are projected to suffer large income losses due to the crisis, relative to the benchmark scenario -with a 23% drop in average household income that translates to a 39% fall in average per capita consumption. The income loss is mainly due to the loss of external remittances. While labor income loss amounts to around 2% of benchmark income, the loss in non-labor income is around 67%, which is in turn due to a combination of declines in the share of households receiving remittances and the average amount of remittances conditional on receiving. The key characteristics of crisis-vulnerable households, relative to the rest of the population, are as below (see Annex 2, Table F for all results) .
Firstly, the crisis-vulnerable households have much higher incidence of external remittances than the general population-46% of the crisis-vulnerable households receive remittances from abroad in the benchmark scenario compared to 10% of the general population. Secondly, the crisis-vulnerable have larger household size and dependency than the rest of the population. Thirdly, they have lower skills on the average -89% of household heads have education of 0-9 years compared to the national average of 79%. Fourthly, a much higher share of adults in crisis-vulnerable households are employed in industry and services (73% of total adults employed) compared to the general population (61% of total adults employed). Finally, they look fairly similar to the general population in terms of their rural-urban composition, with 80% from rural areas compared to 75% for the general population.
How do the crisis-vulnerable households compare with the permanently or structurally poor (defined as the households who are poor in both benchmark and crisis scenarios in 2010)? Crisis-vulnerable households have, on the average, lower dependency and higher skill level than the structurally poor. Their employment rate in industry and services is also much higher -73% of all employed adults in crisis-vulnerable households are employed in these two sectors compared with 54% in the case of the structurally poor. The crisis-vulnerable households are also significantly less rural than the structurally poor households (see Annex 2, Table F ).
In sum, the loss of (or reduction in) remittances from abroad is the most significant channel of impact for households who are predicted to become poor as a direct result of the crisis. In fact, nearly 60% of the aggregate poverty impact of the crisis in 2010 is due to the loss in remittances. It is important to note that "loss of remittances" actually refers to the reduction in potential remittances in 2010 -remittances, while still growing even during the crisis, will do so at a lower rate than what was expected without the crisis (resulting in 10% lower remittances).
The profile of crisis-vulnerable households is consistent with our a priori intuition. Compared to the general population, households vulnerable to the crisis are disproportionately employed in the nonagricultural sectors because output and income losses are expected to occur in these sectors. They also have "worse" attributes (larger households, higher dependency and lower skills) compared to the general population -attributes that would make them vulnerable to being poor as a result of the crisis. The crisis-vulnerable or the "newly poor" households as a result of the crisis are also different in a number of key aspects from the more permanently poor. Compared to the structurally poor, they have "better" characteristics (lower dependency, higher skills, receiving remittances, living in urban areas and employed outside agriculture) -characteristics that our simulations indicate would have taken them out of poverty had there been no crisis.
Growth incidence between benchmark and crisis scenarios. We use growth incidence curves (GICs) to examine how the reductions in per capita consumption and income between benchmark and crisis scenarios in 2010 are distributed. GICs are commonly used to look at the distribution of growth over time; however the same concept is useful to see changes between two "states" of the world as well, in this case the benchmark (no-crisis) and crisis states for the same point in time. A GIC in this case will plot the percentage change in per capita consumption between 2010 benchmark and crisis scenarios for every centile in the benchmark distribution of per capita consumption/income.
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Taking the country as a whole, the reduction in per capita expenditures due to the crisis (as a percentage of benchmark expenditures) rises as one moves up the distribution, with the largest difference (a drop of 4-5% in per capita consumption) occurring for households above the 70 th percentile of the benchmark distribution (Figure 7a ). The drop in per capita consumption is less than 1% for households in the bottom 10% of the distribution, but 3-4% for households in the 50 th to 70 th percentile.
There are interesting differences between how the impact of the crisis would be distributed within urban and rural areas (Figure 7b ). Three key differences stand out: (i) in rural areas, the largest impact is seen among the richest (above the 80 th percentile), while in urban areas those between the 50 th and 80 th percentiles suffer the largest loss; (ii) the rural rich suffer a much steeper drop in consumption than the urban rich; (iii) the moderately poor and near-poor in urban areas (10 th to 40 th percentiles) are affected more than the corresponding group in the rural areas. These differences are mainly explained by high dependence of the rural rich on external remittances, and the fact that the moderately poor and the middle-class in urban areas depend more on income from the industry sector than do their rural counterparts. 
Source: Own simulations based on HIES (2005)
Note: 1) GICs have been smoothed to eliminate sharp kinks in the original curves 2) Percentiles on the X-axis are applicable to the relevant group (national, urban, rural, etc.) Thus the impact of the crisis is higher for the better-off and particularly for the top 30% of the distribution. The loss in welfare among the richest 10% of the rural population is larger than that for the 28 A "centile" refers to 1% of the population, when the households are ordered by per capita consumption/income. 29 It is important to note that the percentiles of expenditures are defined with reference to each area (urban or rural). Since urban areas are better off on the average than rural areas, the k-th percentile of urban households is better off than (and thus not strictly comparable with) the same percentile of rural households. Percentile Urban Rural equivalent group in urban areas, while the losses among the moderate and near poor in urban areas are higher than that among the equivalent group in rural areas. The impact is lowest among the extreme poor in both urban and rural areas, just because the extreme poor are the least likely to receive remittances or work in industry even in the absence of the crisis.
GICs are also used to examine the incidence of change in per capita labor income in each sector (see Annex 2, Figure A-1) . As expected, there is no change in labor income for agricultural workers. Labor income in industry falls across the board, which suggests that losses are distributed at a similar rate (relative to their income in the no-crisis scenario) among all those who are employed in this sector. The loss of income in the service sector is much lower and significant for only the bottom 10% of those who earn any income from this sector. Finally, Figure 8 (a) shows how the change in consumption due to the crisis is distributed within the two regions (East and West). The results in Section 4.5 have shown that the adverse impact on incomes and poverty is projected to be larger in the East than the West, with the most significant impacts expected in Sylhet and Chittagong due to their high dependence on remittances. Figure 8(a) shows that the negative impact of the crisis on consumption is larger in the East all along the distribution and worsens sharply as one moves up the distribution, while the impact in the West is smaller and more evenly distributed. This implies that the East-West gap with regard to impact of the crisis widens as consumption levels increase, and is particularly significant for the 60 th -95 th percentiles of the distributions. the East-West differences in Figure 8 (a) are in a large part due to the impact of remittance decline, which affects the East much more than the West.
Movements of households up or down the distribution due to the crisis. The GICs described above provide a clear picture of the incidence of the losses in consumption due to the crisis across the entire distribution. They also lead to some important follow-up questions from a distributional perspective: where would the households suffering these losses end up relative to other households as a result of the crisis, and what is the extent of "churning" that occurs in the distribution as a result of the crisis? Transition matrices are useful to address such questions, by indicating movements up or down the income/consumption distribution between the crisis and benchmark scenarios. These matrices are constructed for deciles of per capita income and labor income, keeping the upper and lower limits of each decile fixed at the benchmark income levels. This implies that movements up or down by households in these matrices reflect the shifts that occur as a result of the crisis, relative to the benchmark (no-crisis) income distribution (see Annex 2, Tables G.1 and G.2). Figure 9 shows the share of households in each decile that (i) remain in the same decile, (ii) move up to a higher decile or (iii) move down to a lower decile as a result of the crisis. Summing across all deciles, 93% of households are found to remain in the same decile by per capita income, while 96% do so for deciles by per capita labor income. The deciles are derived from the benchmark distribution of consumption or income, and kept unchanged for the crisis distribution. This implies that since the crisis yields an overall loss of income, movements down are much more common than movements up.
The most significant downward movements occur for households in the upper middle range of the distribution, namely in the 6 th -9 th deciles by per capita total income, with the largest movement occurring for those in the 7 th decile. The movements between deciles of per capita labor income are smaller, with the largest movements occurring for the 7 th and 8 th deciles. Upward movements are extremely rare. lead to downward movements) are more narrowly concentrated among the upper middle class, likely because the losses occur in the sectors (primarily industry) that produce relatively high incomes. The fact that movements are less frequent when households are grouped by per capita labor income suggests that a significant part of the movement in terms of total income is due to loss of remittances. While there are some movements, more than 90% of all households remain in the same decile because the aggregate income shock due to the crisis is quite low, due to the limited macroeconomic impact projected for Bangladesh.
A limited validation of the model using pre-crisis data for Bangladesh
How well does our model perform in estimating the impact of macroeconomic changes on poverty and distribution? Addressing this question to our satisfaction will require a validation exercise that compares our projections with actual post-(or during-) crisis estimates from a household survey, which must await the availability of a survey conducted during or after the crisis. That said, a limited validation exercise can be undertaken with available pre-crisis data.
In case of Bangladesh, such a validation involves using household data from an earlier year (HIES round of 2000) to "project" poverty and other distributional estimates for 2005, and comparing these projections to the actual estimates from HIES 2005. In practical terms this implies replicating the exact same simulation method described in this paper on HIES 2000 data, using actual macroeconomic statistics (growth rates of sectoral and aggregate GDP and remittance, and general and food CPI figures) for the period 2000-2005, which are analogous to the macro projections used for the forward-looking projections described above. Table 5 shows the results of this simulation and compares them with the actual estimates for 2005. The simulated poverty headcount rates are within 1 percentage point of the actual estimates for that year, with the difference between actual and simulated rates being 0.7 and 0.3 percentage points for moderate and extreme poverty rates, respectively. The simulated results are also close to the actual indices for depth (poverty gap) and severity (squared gap) of moderate and extreme poverty, as well as for the Gini index of inequality in per capita expenditure.
The results suggest that the model does quite well in simulating the distribution of expenditures and poverty and inequality indices. Interestingly, all the simulated indices, with the sole exception of the (moderate) poverty headcount rate, are slightly above the actual values. This seems to indicate that the simulation model underestimates the consumption growth for the poorest groups between 2000 . This is understandable, given that the poorest groups experienced unusually high consumption growth during this period -per capita real consumption grew annually at 2.9% for the bottom decile compared to 2.4% for the population.
Thus the validation based on historical data provides some confidence in the ability of the simulation model to project future outcomes, linking macro statistics with econometric models built on household data. However, important caveats apply to these results. Firstly, the validation has the benefit of using actual macro data, whereas the 2009-2010 projections rely on macro projections. The ability of the model to predict the future would then critically depend on the accuracy of the macro projections. Secondly, the output-employment elasticities used for the validation are derived from the actual employment data from HIES 2000 and 2005 and macro output statistics. The same elasticities are used for our simulations for future years, but whether these will continue to be valid -particularly in a crisis scenario that may lead to structural changes in the economy -is an important question that will matter for the accuracy of our projections. Taken together, these caveats basically imply that with reliable macroeconomic inputs and elasticities our model does well with household data for Bangladesh. While this does not necessarily validate our future projections of poverty and distributional impact, a full validation will only become possible when household data from 2009 or beyond becomes available.
Conclusion: implications of our results and extensions
Even with the caveats and limitations discussed in Section 3, our model appears to yield reasonable and intuitively appealing results, based on a transparent and flexible approach using macro projections and household survey data that are typically available in a developing country. The limited validation exercise we conduct on pre-crisis data appears to suggest that the simulation results on poverty and inequality from the model, based on real-world macroeconomic data for relevant years, are close to the actual results. The impacts of the crisis on aggregate poverty and inequality estimates projected by the model also appear to be consistent with those obtained using alternate, simpler approaches commonly used by the Bank.
The value that our model adds to those simpler models is the ability to analyze potential distributional impacts in detail, linking these changes to the channels through which the impact of the crisis is likely to flow. The application of our model to Bangladesh also yields some useful insights relevant to the country specifically, in two main areas discussed below: monitoring of impacts of the crisis and possible policies to address these impacts.
Implications for Bangladesh in the context of the crisis. Firstly, our results suggest that in Bangladesh, a select few indicators are prime candidates to monitor as real-time or "early-warning" indicators for the poverty and distributional impact of the crisis. To be useful for rapid monitoring of poverty and distributional impacts, the indicators must be easily obtained and measurable, sensitive to changes in economic conditions, and correlated with changes in poverty and distribution. By these criteria, changes in remittance flows from abroad, the movement of prices (including food prices) and movement of wages by sector can serve as useful indicators for rapid monitoring. The extent of losses in foreign remittances and labor income, and the price of food relative to other prices emerge from our simulations as key determinants of the impact of the crisis on poverty. 30 Loss of labor income in the industry sector emerges as an important determinant of the impact as well. These indicators also have the advantage of being relatively easy to monitor -with administrative or financial data (for remittances), and quick market or household surveys (prices and wages).
The argument for tracking wages as a part of rapid monitoring, rather than other types of incomes or employment, is twofold. First, growth slowdown in a country like Bangladesh is more likely to be manifested in lower earnings rather than open unemployment -a hypothesis supported by our results as well. Second, while wages represent only a part of the labor earnings from a sector, wages are much easier to track (e.g. through quarterly labor force or even quick enterprise surveys) than income from household enterprises and self-employment. Wages are also likely to be reasonably correlated with broader measures of labor income, particularly in the industry sector where most of the labor market impact is expected.
The same set of indicators is likely to be useful for tracking short-term poverty trends in Bangladesh even if there were no crisis. Monitoring short-term changes in poverty and distribution, however, becomes especially important during an economic shock or a crisis when rapid changes in welfare are possible in a short timeframe that one would not expect in a "normal" year. The indicators suggested here can be useful in predicting such changes when a crisis hits, as well as the size of these impacts and how they are likely to be distributed in the population -given that real-time data on household income or consumption to measure these impacts directly are usually unavailable.
Secondly, our results indicate that just focusing on poverty numbers would provide a partial view of the distributional impact of the crisis in Bangladesh. The consumption/income impact is particularly significant for the top half of the distribution and becomes progressively higher further up the distribution. While public programs may not have much role to play to cushion the losses suffered by the upper half of the distribution, these losses may have important political economy implications. The prediction that the maximum impact in urban areas is likely to be on middle class households (50 th to 80 th percentiles of per capita consumption) may be particularly significant, since this group can have a strong influence on public perceptions about economic hardship.
Thirdly, our results provide useful insights on the types of households who are likely to be poor as a direct result of the crisis. Such households are found to have characteristics somewhat different from those of the structurally poor, including a higher share of urban and non-agricultural sector workers. This would imply that any intervention to mitigate the impact of the crisis on vulnerable households would need to be modified (or designed differently) from that of the traditional safety net programs.
A discussion of what kinds of public policies and programs are best suited to mitigate the impact of the crisis in Bangladesh is beyond the scope of this paper. A few broad statements can however be made based on our results and what is known about existing safety net programs. Given that safety net coverage is quite limited relative to the size of the poor population, 31 there is little justification for using the traditional programs to specifically target crisis-affected households, who appear to be betterplaced than the structurally poor households in terms of their endowments and access to economic opportunities. As the impacts of the crisis take hold, there may be a case though for extending or deepening certain types of existing programs (e.g. public works programs) in specific areas, regions or sectors. Extending coverage among the urban poor, for instance, may address an important need, given that the urban poor (10 th to 40 th percentiles) is likely to be one of the key affected groups and coverage of existing safety net programs is extremely low in urban areas.
Implications for simulations in other countries. Clearly, our model is applicable to a number of country contexts and for addressing a range of questions related to distributional impacts of an economic shock.
In terms of where this approach can be applied, the minimum data requirements include up-to-date macroeconomic projections by sector, with and without crisis, and a fairly recent household survey with income data that can be classified by sector. In addition to Bangladesh, this approach is currently being attempted to assess crisis impacts in Philippines, Mexico and Egypt. While these countries share some of the conditions with Bangladesh in terms of the potential channels of impact, the specific country and data circumstances will also require the approach to be tailored somewhat to fit the relevant context.
Given the choice of models available to simulate the distributional impact of the crisis, it is also useful to revisit the comparison between existing approaches and the model we have proposed here. The comparison between our model and PovStat is the most relevant, given that both models have similar data requirements. In our view, the choice of which model to use should be guided by the kind of projections one needs to generate. In a situation where the impact on poverty and inequality measures at the national and regional levels are all that is required and/or resources in terms of personnel and time is limited, PovStat is likely to be the better and more practical choice. On the other hand, if more detailed distributional impacts -including estimates on how the impact will be distributed across groups or types of households and the sources of these impacts -are a concern, our model provides a feasible approach. Even in that case, the robustness of the results can be tested by comparing the poverty and inequality estimates generated from our model with those using PovStat, as it was done for Bangladesh.
Finally, decisions to extend or nuance the type of modeling approach used here would depend on the availability of data and the specific country context. For example, the availability of more disaggregated macroeconomic projections would allow for a more nuanced distributional analysis that is able to capture movements within sectors and/or types of employment. The availability of better migration and remittance data, particularly in the household survey, could allow for explicit modeling of remittances and migration rather than the somewhat arbitrary assignment rule used here. Availability of surveys conducted in 2009 (e.g. any labor force or rapid monitoring survey) that hint at some of the impacts of the ongoing crisis would be useful in fine-tuning some of our analysis, particularly to take into account any sudden price movements or structural changes in the labor market. 
